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ABSTRACT 

Survival, growth 2nd stem straightness were ~ssessed J[ 7 years of Jge for F, hybrids of E. yratlciis w~th E, 
suliyna, E. pellira and E. :tropiz,~fla established at a high rainrail 2re3, .ind the same tram were assessed at 6 years 
for Fl hybnds of E. .randis with both E. camaid~tfensts :md E. iereltcornis established ~t rwo low rainfall sites 
in Zimbabwe. Survival ,was moderate to high in 211 t a a .  Both E. gr~rrldis x E. salignu ~ n d  E. grundis x E, 
iiropi~yfla hybrids from controlled crosses outperformed the local controi in growth ~ n d  straightness with the 
former outperforming the local control by -li Oo, md the latter by i b  L70 in volume. The natural hybrid E. ,orandis 
x E. pefliiu had similar growth to the locai control, md the natural hybnd between E grarldis and E. saligna was 
outperformed by the control. The most productive hybnd at the low rainhil sites. E. yrandis x E. camaldrtfensis, 
outperformed the conrroi by as much as 68 70 in volume. The other dry-zone hybnd, E. yrandis x E. rerericornis. 
outperformed the control by 75 "0 in volume. Heterosis was exhibited in all the hybrids and was expressed 
differentially at different sites. in different traits and :n crosses involving different spec:es. The fast growth rate 
of the hybrids in this study suggests that. with confirmation vla iunher tests in more appropriate field designs 
with broadly-based controls, commercial planting ot  eucalypt hybnds both in high ;ind low rainfall areas may 
be favourable in Zimbabwe. For [he best eucalypt hybrids. E. :randis x E. silligna and E. :randis x E. ca~nafdrc- 
leflsis, the best ciones could be selected and coppiced. 2nd then clonal ;ests from the ;oppices could be staned. 
Given that all the controlled crosses reported in thls jtudy were torn South .Africa. :here is J need to test the 
potentiai of locally produced hybrids. 

Key words: Er~cnlypirls catn~llditlensis, E. :randis. E ;~e!!irii, E. s a l i ? ~ ~ ~ ; .  E. :ereii~.oi.iii.i, E. ;~i-opi~?.lki. hybr~ds, 
heterosis. 

E : ~ C L I ~ ? ~ ~ L I S  ;randis is the most important exotic hardwood 
in Zimbabwe, comprising 90 '% of the hardwood planta- 
tions. It is fast growing ~ n d  :veil known for its excellent 
tbrm. It is extensively used for poles. mining timber, pulp 
and furniture. E. granciis is also L majcr timber species in 
m y  tropical and subtropicai ?arts ofrhe world, especially 
Bru i l  and South . i f r~ca.  Its access  ~ l s  an exotic species 
h ~ s  been due primarily ro !ts f a t  growth rates and wide 
xhptabiiity. However. in Zimbabwe, E. grandis is limited 
to high-rnii~frlll. moderate-altitude areas duc to its poor 
i-srst~lnce to drought. frost and diseases. Its wood is 
prone to splitting and warping and has rclativel> low 
den\lt)i. To overcome the above limitations through 
:omplcment3iity E. :r(itdi.r h ~ b r l d s  habe been tested in 
Brwil. Congo and South .Ainca, and [hey are being tested 
in Zirnhab~vc. 

Hybnd vigour hlts been widelk reported by sevcral 
re~e:uchers in eucalypts i B ~ i x c o  & L . \ X I B E T ~ ~  19%. 
L l . j i i ~ i ~  1989, P \R,-\.\l..iTIi?.l.\ et ill. 1997. VESKXTXSH 22. 
SH.AIII.LIA 1977, V!CSEIION rt 01. 2000). and in pines 
i (;,.v.\z~: 1999, Po\v~11.& NIKLES 1996, V:\N D t s ~  S~JIIE & 

ROELOFSEN 19861. For cxample. the hybrid E. grandis x 
E. rereticonlis produced Z5 m'ihdyear in Congo whlle E. 
<frimtiis was not d a p t e d  :o the iocai field conditions 2nd 
E. iercricon?is. the then iommoniy planted species, 
produced only 12 m'/hwr>ex at six years of age ICWP- 
ERGN 1983). ?l?e hybrid exhibits the 'iigour of E. grandis 
m d  the adaprabili~y of E rrreiicor~iis. .Also, the hybrid E. 
,;rr(i~ltiis x E. ~rll-opiz~llci h d  '3 i '? rnorc volume per hectare 
than E. :rilndis at :hree years o1 '~ge  in Colomb~a (BLLYCO 
c!  L.A~IBE?-H 14'91 i. 

The hq brids E. ,groniii.s with E. riropil>.lici. E. rereti- 
cor711s and E. ciin~ulciiili.ns.is u e  now managed proiitabiiity 
in l ~ g ~ - i ~ ; i l ~  plantations .?round ihc world. .According io 
S~KILS ! 1993). the ~ ~ " ; ~ ' t c j i  ~ u ~ ; e ~ s c s  ~vith interspecific 
114 hr-~ds oper;iti~i~;lIly habe been with cucalcpts in Brxi l .  
China, Congo ,ind South Alnca. Tiiesc successes with 
eucalypt hyhriils iiace had a lxge int luenc~ in the develop- 
rnent of  114 brlds in other cc:untrics :~nd in other :enera. The 
cuc;iI~pt and the pine h ~ b r l d  progrunmcs in Zimbabwe 
Ltcre ir~tlucnccd by specillciiix icku!ts irom South .&klca 
ic.2. L'.\.v D ~ r i  SUIIE & ROEI-OFSEN !9Xhj. 

Tlic prchcnt paper reports on tlic performance of F, 
cuc:l!ypt interspecific h~iiriiis plantcii on ihree sites in 
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Zimbabwe. The hybrids involved E. gratldis, with E. 
camuld~~lensis, E. saligna. E. pellita. E. terericomis and E. 
~iropl~~l la .  

In 1990 seeds of the hybrids between E. qrandis with E. 
camaidrlietuis. E. saligna. E. ierericomis and E, iiroph.11~~ 
were obtained from Hans blerensky Holdings (Tables I ) ,  
South Africa. Hybrid parents of E. gmndis, E. saligt~u 
ivere intensively-selected clones in seed orchards, while 
those of E. camaldulensis, E. !ereticomis and E. urophylla 
were selections in provenance trials. In all the hybrids, E. 
grandis trees ivere used as the female parents. '4 natural 
hybrid between E. grandis and E. peliita was obtained 
from .Australia and the natural hybrid between E. grandis 
and E. saligna was obtained from Australia and Zimba- 
bwe. Controls of pure species were included in tests, but 
they were not the actual parents of the hybrids. These 
control pure species were from Austraiia and Zimbabwe, 
and were at various stages of improvement (Table 1). Pure 
species of E. pellira was obtained from a natural stand in 
.-\ustralia. E. saiigna and E. can~uMi1ensi.s from prove- 
nances vials and E. ,pranifis from a seed orchard in Zimba- 
bwe (Table I ) ,  These controls were narrowly based. being 
represented by only a few fmilies. 

Table 1. Details of the genetic material used. 

Field Design and Assessment 

In 199 1 three hybrid trials were established at John Meikle 
Rzsexch Station for the wet-tone hybrids, and at Mtao 
and Norton for t!e dry-zone hybrids (Table 3,). Field 
des i~n was a randomized complete block design with 30 
replicates. Families were planted in jingle tree plots at a 
spacing of 3.7 x 1.7 m. Survival, height, diameter and 
straightness were xisessed ~t 7 years for the wet-zone 
hybrids rind 6 years for the dry-zone hybrids. Stemstraight- 
ness was assessed using a '-point absolute scale (1  = 
crooked :o 7 = very straight) outlined by B m  & 
MLIULUY 11968). Volume is) was derived using the 
t'ollowing Eucul?;pnu. gru~rd'is volume equation by 
BREDENKXMP 1982): 

where DBH is diameter at brew height In centmetres and 
HT 1s hetght x e  in metres. 

The data :rom each indivtduai \Ire were analysed uslng 
genera1 linear model IGLM procedure of S X S '  (1985) 
.Issumn: the randometfects ot repi~cauon. fixed effects of 
taxon md random effects of ihe!r fi'it order interactton 
For pooled malys~s of the Jry-zone hybrrds the fixed 

Families 
T ~ x o n  Supplier'  - 

TvDe2 Number 

TJXJ olanteJ at the \"vet :one 'rial ~t John CI-ihleh R e s e ~ r c h  S t ~ r ~ o n  

E. ym17~li.s 1 EGR 1 Zimbabwe, FRC O P  (orchard)  I 
E. sclllynn IESA! Zimbabwe. FRC O P  I provenanc? ,rial 1 1 
L. pe / l l~o  EP:l i Ausiraiia. ATSC O P  [ i v ~ l d i  
EGR x ESA .Australia. .ATSC , Zimbabwe. FRC OP 1 naiural ii\ b::L i 
EC;R x ESX South A f ' r ~ c ~ .  Hans LIc:cn\ky I - f ~ l d i i i g ~  Fuj!-<ih : i) 
EGR i( ECR South .A~nc.i, Hanhhlercnbky Hold~ngs  F ~ ~ l l - > i b  .+ 
EGR x EPE .Aus[r3iia..ATSC O P  I natuml liyi.r:di i 

Ta.u.1 planted .I[ :hc dry l o n e  trial> J I  hftao  rid Norton 

E. ~:( i t~~ul~l~i le t~ .s~ .s  (EC.4  Zirnbabwc. FRC OP! proven:inc: 'nd J i 
E yn~tttiis I EGII) Z ~ m b a b w c ,  FRC OPi orchard)  
E. to-c,:ican~i.s ETE)  Zimbabwe. FRC (>Pfprovcr13ncc ; r : d  I 1 
EGR A EC.4 South rii'ric;i, H:ins 'vlcrensky i-foiding'; Full-ilb Y 
EGR x ETE South .il'r:cu. tf,inc Cle ren~ky  Hoidirigj f7!iIl-sib Y 



Table 2. Details of eucalypt hybrid field sites. 

Site John Melkle Research 'Mtao 
Station 

Norton 

Longitude 373 51' E 30" 38' E 30' 4' E 
Lmtude 18" 41' S 19" 113' S 17" 53' S 
.Altitude (m) 1300 1477 

-,-- 
I400 

.Mean annual rainfall (mm) 171 i 1 3 3  1000 
So11 parental matenal granite granlte ganlte 

Table 3. Taxon least squares means  standard errors for height, diameter, volume and straightness at 7 years of age 
in the wet zone trial. 

- 

Tmon Survival ( %I Height (m) Diameter (cm) Volume (dm- tree-') Straghtness (score) 

EGR 8 3 7 4 9 2 1  0 l h  1 6 5 r 0 9 j b  253 1 t 340k 4 5 t O 2 3 *  
ESA 67 24 4 t 0 94& 15 6 t O  88' 7 4 5 3 t 3 1 6 b C  4 0 t 0.21" 
EPE 67 I3 3 2094"  9 6 t 0 88' 5 5 0 2 3 1  5" 7 7 + 0.21L 
EGRXESA' 5 8 71 8 t 0 4 k c  1 5 5 t 0 4 0 b  2125=!46 '  4 0 t 0  lob 
EGRxESA 87 26 8 2032"  19 1 rt 0 30a 379 9 t 10 9" 4 8 rt 0 07" 
EGRxEUR 66 75 I c 0 60a 17 5 t056" '  3073 220  l b C  491 .0  13* 
EGRxEPE' 94 22.72 1 17k 15 3 2 l 10' 258 0 t 39 iM 4 2 2 0 2 6 "  

" Natural hybrid; ab.'.%eans within s column with different superscripts differ at cp < 0.05) 

Table 4. Taxon least squares means T standard errors for height. diameter, volume and straihtness at  6 years of age at  
41 tao. 

Taxon Survival ( %) Height (m) Diameter (cm) Volume idm'.tree-.') Straightness (scorej 

EC;\ 100 9.8 + 0.16" 8.4 t 0.21h 78.8 = 1.69' 3.0 t 0.05' 
EGR 89 9.7 t 0.1 ga 8.7 r 0.3Jh 30.6 i 1 . K h  3.5 2 0.0ja 
ETE 96 8.5 r 0.37h 7.3 rt 0.49' 19.8 t 3.90' 3.0 t O . l l c  
EGR x ECE 84 9.7 r 0.14' 9.6 r 0.20" 39,6 r 1.55' 3.2 t 0.04bc 
EGR x ETE 9 3 9.0 t 0.1 Zh 8.7 ~ 0 . 1 7 ~  32.3 2 1.3 l h  3.3 t O.Odb 

L?. d means with~n J column with itlfferent iuperscnpts differ at cp < 0.05) 

Table 5. Taxon least squares means ; standard errors for height. diameter, volume and straightness at 6 years of age 
at Norton. 

T ~ x o n  Survival i C7CJ Helght im) D~dmrter icm) Volume (dm' tree ' )  Straightness (score) 

ECX 89 10.8 t 0.26' 8.3 r 0,33hc 33, 5 = 3 . 3 ~ ~  1.9 t O.Wb 
EGR 84 9.7 t 0.3 I 7.8 r 0.40' 30.0 r 39 6" 7.9 t 0.08' 
ETE 92 10.6 t 0.10" 8.6 r 0.5jhL 34.6 = 5 15' 3.3 t0 .113  
EGR x ECA 69 10.4 t 0.17" 9.9 z 0.73" 5 1.6 = 7.78" - : .- 3 + 0.05" 
EGR x ETE 80 9.7 r (3. 1 6bL 9.0 .- 0.71" 39.3 2 . 1  2" 3.3 t 0.04" 

J i L f  means within J column with dllferent iuperscnpts ditter at ip c 0 05) 

etfects were the taxons and the random etfects were site, between repllcat~on ~ n d  taxon Heterojls w ~ 5  estlrnated In 
repllcdt~on, lnterdctlons between slte and w o n  ~ n d  t e r n  of supenorlty to rmd-paent v d u e ~  Supenonty ot 

'C . A R B O R A  P U B L I S H E R S  
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the hybrid to the each of the parental species was also 
determined. 

RESULTS 

Individual site analysis 

Survival 

Survlval percentages (Tables 5 .4  md  5) were high for dl 
the pure species md  their hybnds at hltao md  Norton 
except for the hybnd between E. grandls and E. 
camlduiensls at Norton 169 "0). Survival was greater at 
hItao than at Norton for all probably due to greater 
soil depth at the former site. Despite the hgh ranfall at 
John MeiMe Research Stauon, surv~val percentages were 
low for E. sallgna, E. peillta and the hybnd between E. 
grandis and E. urophbikz (66-67 %), probably due to the 
fact that 19911 was a ppartlcularly dry year The E. grandis 
x E. carnaldr~iensls hybnd had the lowest survival at both 
Mtao and Norton (Tables 1 and 5). 

Growth 

The taxa dltfered ~ i g ~ i i c a n t l y  in growth traits at dl the - 
sites rp < 0 001 ). md the ~nteraction berween taxon md 
replication wzi not signiricant in dl the growth traits, 
except tor he~ght at bltao i p  < 0 05) (Table 6) 

A11 the hybnds planted at John Me~kle Research 
stauon, except the natural ones, outpertormed the pure 
species (Table 3 ) ,  though these dfferences were not 
always stat~stlcally siumficant. The most producuve hybnd 
was E. grandrs x E sallgrla, which outperformed the E. 
grarzd~s control c prererred species for the site) by 7 % In 
he~ght (not ,ratisticdiy significant at p < 0 05), 16 "G in 
dlameter and 1 1  rc in volume [both statisucally significant 
atp < 0 05 i The hecond moit productive mon .  E. qrandls 
x E i~roph~licz, outpertormed the local control by 1 "c in 
he~ght. 6 C 7 ~  In diameter and 16 C% in volume. though none 
ot these d~tferencss were \~gnllicant at p < 0 05 The 
natural hybnd E ;rancirr x E pellltcz h d  simllx growth to 
the local control md  the natural hybnd between E gmtrdr\ 
and E \ L Z ~ ~ { ~ I U  w a  outpertormed by the control 

The mojt prcAuct1ve h \  hnd In the dry-zone. E yrandrs 
x E carnuld~~ierz~ii outpertormed all the pure specres in 
dimeter and ~o lume  at both bites i i ip~ficant a tp  < 0 0 5 )  
bur not in  height r T,ihies 4 and 5 )  At  Mtao i t  c,utpertorrned 
the lo~a l  ~ontrol 1 E ;rurrrii\) by 52 "c In colume md at 
Norton i t  s u r p i ~ s d  the loc~l  control i E ~iimc11diiic.rrs 1 5 )  by 
68 C7c In L O I U I I I ~  E <t(1rrc11\ x E ierefrconus outpertormed 
h e  l(x,,lj ~ontrol b>  12 '4 In ~olurnc at Lltao ~ n d  by 7-5 2 
~t Irorton but the diitc:en~:\, ucre not ~ t a t ~ \ , t ~ c ~ l i y  sgnifi- 
cant ;lt p < 0 05 

,Is expected the hyhrid~ used In the wet-/one g c w  

much faster than those used in the dry-zone due to the 
higher rainfall at John MeiMe Research Station than the 
other two sites. The best hybrid at John bleikle Research 
station had about seven times more volume than the best 
hybrid at the drier sites (Tables 5-5). 

There was large variation both among families and 
within families in the hybrids planted in the wet zone. For 
example, families within E. grandis x E. saiigna hybrid 
ranged from 250469 dm' in volume per tree and the top 
three families of tius hybrid surpassed the best control by 
75 L7o. Variation within the hybrids planted in the dry zone 
was also large with volume ranging from 28.1 to 65.6 dm3 
for families within E. grandis x E. camaidulensis hybrid. 
The top three families within this hybrid surpassed the best 
control by 100 "o. 

Straightness 

The taxa differed si-gnificantly in straightness at all sites (p 
< 0.001), and the interaction between axon and replication 
did not differ significantly at all sites, zxcept at Xorton @ 
< 0.001 'I (Table 6j. 

The best hybrids in the wet-zone in terms of growth 
(E grandis x E. saiigna, E. grandis x E. urophylla) also 
had better stem straightness than the pure species, but their 
stem straightness did not differ significantly fromthat of E. 
grandis (Table 4). The hybrids planted at Mtao had 
inferior srem straightness to the control (E. grandis), while 
at Norton both E. grardis x E. camafd~iiensis and E. 
grandis x E. ierencornis hybrids had bener stem straight- 
ness than the local control i E. camalduiensis) (Tables 1 
and 5). 

Pooled analysis 

The taxa were signlficanriy dirferent In dl traits ip  < 
0 001 ) on data pooled Jc:osa two site5 (Table 7). Both 
hybnds Fohn  In the dry zone performed better in volume 
gowih cp < 0 05) and itrrughtness compared to the pure 
species ~p < 0 05, except E qrcindu) (Table 8) The best 
perfomng tuon in ~o1urr.e gowth across both Mtao md 
Nonon >ires. E gr~ltzdr.! x E ~~irrlaici~iler~~~s. had 56 "b 
more volume per tree thdn the best pure bpecies (Tdble 3) 

On aLerage all t z a  had >igniticantly better he~ght md 
~ o l u m  growrh ip < 0 (Xi1 i ~t Nonon than ,tt bltao (Tables 
1 5 ~ n d  7) This m;ly be ~ttnbuted to higher ranfall at the 
lomer ilte (Table 7 )  H o u e ~ e r  E yt~~trdr~ grew better at 
h l t ~ o  than honon T~king .nto d i~ount  the r,unfdjl at bltao 
,ind ihc f a ~ t  that E yrcu7tlls 1s drought >eniitl\e. E grandls 
I \  not cxpe~red to g o w  \%ell dt th~s site Howeber, due to 
the deep )oils found at \ l t ~ o  E ~rcitldr~ is gown commer- 
ci,iIl> at th~s bite The deep >o~ls explain ~vhy E gr~ndls 
pcrtonned hetter ar bltao than '11 Nonon desp~te the former 
\ite h~ving lower rantall 



Table 6. Significance levels of the treatment effects for growth and straightness. 

Site 
Treatment 

Variable 
Replication Taxon Replication x t ~ x o n  

John M~ek le  Height 
Research D~ameter 
Stat~on Volume 

Straightness 

.Ll tao He~ght 
Diameter 
Volume 
Straightness 

Height 
Diameter 
Volume 
Straightness +a** A** *+* 

ns =not significant; " = significant 2t 5 $6 level; ** = sisniricant ~t I ?% level: "** = sign~ricant ;it 0. I '3 level 

Table 7. Significance levels of the treatment effects for zrovvth and straightness for pooled analyses of dry-zone hybrids 
at Mtao and Norton. 

V ~ n a b l e  
Treatment 

Height D~clmeter Volume Straightness 

Site x x x  ns *** ns 
Rep (Site) xx*  ns ns C*X  

T ~ x o n  * *x  v t x  * Z *  * * X  

Site x Taxon X X X  ns x**  

Taxon x Rep ~ S i t z )  x X -( w n s xx  
- 

ns, c ,  4% " x X  = not significant. significant at 5 ,  1 ~ n d  0. i 5 ieve!s, respect~veiy. 

Table 8. Taxon least square:, means; standard errors for height, diameter, volume dnd b t ra~ghtnes  at 6 years of age for 
pooled analqsis of data \/Itan dnd Uorton. 

'T~son HL.:' " ~ o t  im)  Diamerer (cm) V,~lume fdm.: ree  i Stmightness (score) 
- .. -- 

ECA 10.3 z(J.15" 8 .i r 0, I ghL 3 I .  21 .TSnL 3.0 + 0.04' 
EGR (3 5 4. ! ThL 5 := i) yyL 30.3 t 2.06-' 7 7 C_ i1.05' 
ETE 9.5 = 0,2$"' 7 9 z 0.3+ 17.2 5 3.39' 3. ! 41.08J" 
EGR x EC.1 i 0.0 r 0. I 2.'" 9 d 2 0. ! 5" -15.6 t 1 .40" 3.2 2 9.9ZA 
EGR x ETE 9 4 r 0. 1 O L  3 9 = 0, 13:' 33.3 t l . l ln 3.3 r 0.03J 7 - 

- - -- .- - -. 

J h L  1 means :v~th~n .I column xirh ditkrenr cupcrscrlpts dirt;:: ;I( (11 : 0.051 
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As indicated by the slpruficance levels of the site x 
taxon effect (Table 7), genotype x environment Interamon 
was present In all the trats, except volume. Genotype x 
envuonrnent interxnons were due w n l y  to change m 
ranks of the taxa across sites. For example, E. grundis was 
ranked second in height md first In straghtness at Mtao, 
but last for both trats at Norton (Tables 4 md 5) .  

Hybrid vigour 

Hybrid vigour for E. grandis x E. urophyih could not be 
estimated since no pure E. urophylh was planted. How- 
ever, the hybrid E. grandis x E. ~irophylla performed better 
than E. grandis by 16 % in volume (Table 3) but not 
significantly so at p < 0.05. Given that E. grandis is likely 
to be the better parent at this site, heterosis may be inferred 
in this hybrid. 

Heterosis, defined as superiority to mid-parent value, 
was observed in the other hybrids grown in the wet-zone 

(Table 9), but it was not statistically significant for diame- 
ter and straightness in E. grandis x E. pellita hybrid. 
Although heterosis in E. grandis x E. pellita was observed 
in volume, h s  hybrid was not superior to the best parental 
species. 

Heterosis in hybrids grown in the dry-zone ranged 
from 10-23 % in diameter, 3-63 % in volume and 2-10 5% 
in stem straightness (Table 9). Heterosis was statistically 
sigmficant for diameter and volume, except diameter at 
Mtao and volume at Norton in E. grandis x E. tereticomis 
hybrid. Heterosis was not statistically significant fromzero 
for height at both sites and in both hybrids. Negative hete- 
rosis was found in height growth in E. grundis x E. 
rereticornis hybrid at Mtao and Norton, whether the sites 
are analysed individually or pooled together. 

Heterosis for height was expressed more strongly by 
the hybrids grown in the wet-zone than those grown in the 
dry-zone. It was expressed more strongiy in volume, and 
less in straightness and height in d l  hybrids at all sites. 

Table 9. Superiority ( "0)  of the hybrids over pure species and mid-parent at 7 years of age at John 3IeiMe Research 
Station, and at 6 years at kftao and Norton. 

Site Hybrid Pure species Height Diameter Volume Straightness 

John ble~kle  ECRxESA E. grandis 7 16 5 0 4 
Research E. saligna 10 22  5 5 10 
Station Mid-parent 9** 19*** jj.** 12*** 

EGRxEPE E. grandrs -9 -7 2 -9 
E. pelllra 7 1 59 369 5 6 
Md-parent 19** - 70"' 67* 8"" 

bltao ECRxEC.4 E. grandls 0 10 39 -9 
E. camaldulensrs - 1 ! 4 3 8 7 
b11d-parent -I" lqx+ - jf*** -ins 

EGRxETE E. grandrs -7 0 3 1 -6 
E. tererrcornrs 6 7 1 14 10 
>lid-parent -1" I I"' 23' 2"" 

Norton EGRxECX E yrandts 13 77 7 3 10 
E. carnaidulensts -4 19 53 10 
>lid-parent 5 q3 23*+* 6jxxx 10"' 

EGRxETE E. prandis 5 I5 i 0 I3 
E. terriicornts -8 8 -4 0 
.\lid-parent -2" 12' 311% 7"" 

Lltao & EGRxEC \ E prundts 5 18 5 0 0 
Yorton E ca~naidrcien~rs -3 17 47 7 
comb~ned Lfid-parent I "' 18*** d(i*** 1"' 

EGRxETE E gmndrr -I 7 ! 8 3 
E rereltcorr~rs - I 13 3 2 6 
>lid-parent - 1 l11 1 Ox" 25 ** 5"' 

ns ,  X , ~ = , X X ~  - - Not significant. Sign~licant at 5.i and 0.1 C?o levels, respectively 
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DISCUSSION .iND CONCLCSION 

In h is  study few hybrid h i l i e s  were available in some 
cases. and even fewer unrelated control l.amilies, and also 
Lwerage individual tree Jiamercrs md  1:oiumes would have 
been affected by differences in space available to individ- 
ual uces (due to imperfect survivai) ~lnd by differential 
competition in [he singie-uee piots. Notw~thstanding, the 
resuits from this study suggest that heterosis was expressed 
but differentially at different jltes. in different traits and in 
crosses involving different species. The criterion oP 
heterosis reported in this study was rlot true heterosis since 
the hybrids were not compared to their m e  parents. 
However, the measurement of heterosis reported here for 
E. :randis x E. c~zn~nld~~le t~s is  md E. 3randi.s x E. terr- 
iicomis may be close to the true heterosis because the pure 
parental species were at the same ;rage of selection as the 
parents used to produce the 11) bnds. Both the E. grandis 
used in hybrids and that used as controls were from 
second-generation seed orchards. and :he other species 
were from the best performing provenances. For the 
natural hybrid E. grantiis x E. peiliriz. h e  heterosis re- 
ported in this jmdy may be iess than the true heterosis 
since one of the pure parental species. E. gru~zdis, 
from ;I seed orchard. In order ro :tdequntely quantify 
h>brid vigour, future hybrid rests in Zimbabwe should 
ensure proper parental representation. It should be noted 
that in eucalypts even where the proper parental species are 
avaiiable hybrid vigour might be bi~sed upwards if the 
parents are irom open pollinated seed. Eucdypts x e  seif- 
feniie. and therefore seed from open poiiination rnay have 
reduction in performance due to inbreeding effects. 
lio~vever, hybrids x e  fromconual pollination, and will not 
be ~tfected by inbreeding effects. 

For the hybrids groivn in h e  s.vct-rone. the E. grnrlc1i.r 
x 5 ,ulign~l liybnd grew best. outperformed the local 
controi by -41 L;i in volume. Such an improvement in 
productivily. if rcpeatahic operationally. should increase 
prolitability of cucalqpt plantations in Zimbab~ve. How- 
eve:. such increse In productl,. ~ t y  iIl(3~ld be veated wirh 
aution due ~o the iirlperkct zur.. i ~ i i l  m i  other impert'ec- 
lions 01' the design highiightcd abovc. I t  is suggested 
additional inais. with better de\ign and hrcaih ot' materisl 
he undert;lkcn. ~ n d  [hat j.~oo(i >tudies lbc c~uried out on ih15 
ih! br~d to dctcrminc i I' it h ~ s  \upenor v+oc>d qualiiies to purc 
E. ?I-iit7tii.s. E. yr.iitrc1i.s Io:~cr i~ood  iiensit> than E 
iclii;lrlil   BARNES IOUX,. One :hc :cum!, for testing E. 
;rlitiiii.s x E ~iiliytrti hkbr-id ..~;LS that ihe h);hr?d milk 
comb~nc the 1'a.t i ~ ~ ) ~ \ i h  o1'1Z. yt-~itlcii.~ WIII I  I ~ C  g i ~ ~ d  ~ Y O O C ~  

qusiirics 01 '  E. scili'trii. Hcncc. ihc pcrceivcd ,i(tributcs 01 
the hyhnci ivcrc t'ii>tcr groibih. Ic\  jpiiiting .ind higher 
wood dcnsiry than E. yriitrc!i\ For hchi-ids inioicing E. 
yt-iitit1i.s. the intJic~ition\ :ire :h:it thc dcnsiry is either 
inrermei1i;irc bctnc.cn thc PSI-cntai \pcccj:\ ( D ~ = : : I ~ o , ;  "+ 

KETZK~ 1993), or higher than that of E. grundis (V.m 
WYK rtcil. 1989). From his study E. ,yrnndis x E. sulignu 
had faster growth than E. :r~ltl~lis but the assertion on 
~vood qualities needs to be tested s well. 

.Although superiority a t  E. yrun~iis x E i~rophyllu to 
E. yr(u1u'i.s in growth was observed in this study, c o m r -  
cia1 $antin5 of this hyt-r!d may oniy be justified after 
determining its disease ~~sis tance  ~ n d  wood quality 
~ttnbutcs since its growth \\as Infenor to (hat of E. g r d k  
x E. .mfiqriiz. The results rn this study suggest that E. 
yrin~dis x E. r~ropilyilti hybrid wanants little or no further 
attention. but consideration should be given to the fact that 
the hybrid was tested oniy at one sire md using few 
families md  its g r o ~ t h  is sxceptlonai in Brazil, Congo and 
South .Africa. Therefore. i t  rnay be premature to dismiss 
his hybrid without testing it  over a broad range of environ- 
ments. Funher tests shouid be carried out. pmiculariy at 
lower altitudes. to determine if here is a hybrid habitat for 
E. prlmdis x E. irropi~yiia. .Although E. gmrldis x E. pellita 
does not 3ppe.x ro have .s much potential to increase 
productivity the other rivo hybrids yown in the wet- 
zone. i t  should ~ l s o  be tested over a broader range of 
environments using severzi families of control-crossed 
hybrids and adequate controls in appropriate design. 

The present xtudt points to the benefits of parental 
selection in order :o increase productivity in hybrids. 
Natural hybrids were outceriormed by h e  pure species 
while nlibrids of .;e!ectsd parents were not. indicating the 
benefits of selecting ~vrthin the pure species prior to 
crossing. Furthermore. the natural hybrids may have 
included inbred. advanced seneration hybrids andlor 
backcrosses. .\sauming ~iciditive gene effects predominate 
for trai ts of interest in :he hybrid popuiation, genetic 
improvement of the hybn& a u l d  be achieved by making 
recurrent selections in ihs parcnt:ii species populations 
prior to tiqbndization. Tnis wiil ensure that gain in the 
hybnd population is not 'tlnc:: o f i " ~  but is cumulative. 
Given the obser:ed V'Wation withln the best hybrids, 
potential ~ l s o  exists to irrpro\,e producti\. ity in pianrations 
h> testing man! hbhrid trniiics and ;electing the best 
t':uniiies or individuals . . \ i~~ .~n  kunilies ..nd cloning. Other 
iompiex hrocding stmteg~c.?; rnlght he required if non- 
,iddi:i\c gene e i i ec~ j  :'or rrlllt~ bc:ng ~t.lec:ed predominate 
In the 11) brld popuiation. 

Fix ihe i?yhrids krro\Ln :n the dr).-/one, !he hybrid E. 
y~-(itic!i.~ x E, ~.iittlii/(fi(i('t!.\:> !u~pcr~)nned [he ~ontroi by 3 

much .i,s hS '-;i . ~ctiiie E. :li-;ltrtii.i. x E. rcric!:zotn~s outper- 
;onrii.ii rhc ic)ntroI b;" 15 '.; . t l~oi i~h :he ibrrncr had 
corl\ijtenrl~ I o ~ ~ c r .  ,ur; iiai. .\!);m t'rorn the improvement 
in gro~vrh. [he Iiyhi-!iis gri:\.in In !he tin-/.one may have 
orlie: fe:iturcs that inay rake  thcin more attractive for 
plantins. Thc hyhrldi E. :1n11)1r!i.s :< E. 1~r~ri~~or11i.s and E. 
:r:itrc!i.i. x E. r cct!ici~iiiilet~ 1 5  '.ICT.L' \c!~cre!I for resting in 
%iinh,:b:v : li,:ca!:,,c .?. iiei.c!!i :I: I I ~ .  :txl E. ~ ~ c i ! ~ ~ ~ i l ~ l ~ i l ~ ~ ~ s i . s  



CL'C.-\L YPT HYBRIDS -- 

are more drought [olerant. have higher ; ~ o o d  density. less 
spiitting ~ n d  less wnrping. but haye poorer growth and 
poorer stem jtraightness cornpared to E qrandis. These 
hybrids m y  have the potentla1 lo make the marginal are% 
more productive by combining the f a t  growth trait of E 
:rclntiis ~ind the drought resistance and better woodquality 
trntts of E. irrericornis 2nd E. ~,~!trlai~irlirrrsis. Apart from 
the high ,growth rate. h e  :nost 1)romning hybrid grown in 
the @-tone. E. yrnnriis x E: cnnrc~idrlicitlsis, had better 
stem straightness than E. sizn:aldr~ietr.s~s at bltao but not at 

Norton. It is recommended that v~ooci studies be carried out 
to determine if h e  most prorn~sing dry-zone hybrid, E. 
:rantiis x E. ~,i~rnc~idrliensis. has superior wood qualities to 
F ,gmndis. 

Xlthough there is a need :o Lest these hybrids over a 
broader range of environments using several families of 
controi-irossed hybrids. the fast ~ o w t h  rate of the hybrids 
suggests that. if contlrmed in further tests with better 
designs. commercial planting of eucalypt hybrids both in 
high m d  low rainiall areas may be favorable in Zimbabwe. 
In the best hybrids. E. grcmriis x E. saii,qna and E. grarldis 
x E. can~aldriiensis. the best individual trees would be 
selec~ed. md these trees could be felled. The coppice from 
felled trees could be planted in ac!onal muitiplication area. 
which ~vould provide cuttings h r  ;ommercial planting. .At 
the iarne time large number 13f clones frsm the best 
t'milies should be screened :o identify .superior clones, 
:vhch are Lldaptabie to se!ef::eci qites. 

The hybrids reported in this study were developed in 
South Africa where conditions differ from those in Z i m b a  
bwe. Hence. it is important :o test the potential of locally 
produced liybrids. Controlled poilination of hybrids 
between E. grilrzdis and E. ~~im1uirf~i1et~si.s were starred at 
Mtao in 1998. and will be extended :o other crosses 
depending on pollen availability 2nd success of pilot 
pollinations at bltao. Tile most success l'ui eucaiypt hybrids 
in the world have E. yri2tliii.s a one of its parents, and 
show hybrid 1:igour under ~onditions similar to Zimbabwe 
and hence the Zimbabwe Forestry Comrn~ssion jhouid also 
conccntratl: on the E. ynu~tiis h ~ h n d s .  

Knocviecige o i  genetic DxaIneters is critical for the 
de!;eioprnent 01' Jn e t ' f e c : ~ ~ ~ '  ?>hnd-breeding programme. 
Tne Zimbabwe F~~rcs t ry  Cornrn~ssion ,;hould ensure that 
ihc nen 114 hrids being dc~.e!r:pcti ioc:\lly .aouid come I'rom 
mating designs that .~llo\c ic:r rhc ct'ticicnt csiimation of 
generic p:irmerers 50 ;LS !o mlkc ~nlomc:! i o[ure tiecisions 
on [he milst i.!fci.i~x.e hre~l i inc .~!;jtcg:, . 

Tlie .~uthors thank 1 1 3 ~ 5  .Clere:i\ky I ic~ ld i~ i~ i  .ind the .-\ustr'ilian 
Tree Seed Ctntrc !or rhc genct:c ~ n a t c r ~ ~ ~ l  ind the Zimbabwe 
Foresir-]: C'c~n~ni,iiorl lieid ii,it!iilr ,nai;aging ~r:d ,~sscss!ng the 
(rial\, Thcv J I \ I I  tti.111h .Clr ':I1t:m!st (k~i~ i l~ :e  &~nd k l r .  Kyle 
I'Y'J~!,,C:~ li~r J J ~ I > I J L C C  . ~ 1 t l 1  >I , . t~~>ii~. , l  .;iiLIlJ\i'> &111d Dr. Cz~flIl 
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